Objective: To investigate seasonal variations in tissue phosphorus (P) levels, P to protein ratio, and P to omega-3 fatty acid (u3-FA) ratio in 2 species of fish that are commonly consumed in Lebanon. We aim to determine suitability for dietary management of renal patients.
M ARINE FISH ARE an excellent source of high biological value protein and omega-3 fatty acids (u3-FA). Fish tissue also contains varying levels of phosphorus (P), depending on species 1 and on size. 2 Furthermore, Sterner and George showed that protein and P contents in fish tissue are dependent on the fish diet. 3 However, there is no mention whether reported P content in fish tissue varies with season. Although diets with low P and high protein and u3-FA contents are good choices for hemodialysis (HD) patients, 4 adjusting recommendations to seasonal variations may be necessary.
Hyperphosphatemia is one of the most common problems in patients undergoing HD treatment, and controlling serum P levels remains the main objective in the care of patients with kidney disease. 5 Serum P can combine with serum calcium and deposit into arteries, soft-tissues (including heart and lung), joints, and skin. This results in vascular and organ calcifications and disturbances in serum calcium/P balance, contributing to secondary hyperparathyroidism and related renal osteodystrophy. A graded association has been reported in the previously published data between increased serum P levels and all cause-mortality among HD patients.
Patients on dialysis have greater dietary protein needs as compared with healthy individuals, but dietary ingredients rich in protein are typically high in P. 4 Accordingly, diet selection for HD patients creates a challenge for dietitians attempting to provide dietary choices that focus on low dietary P to protein ratios.
Cardiovascular diseases are the primary cause of mortality among HD patients owing to hyperphosphatemia, high levels of inflammatory markers, and abnormal lipid metabolism.
5 u3-FA protect against inflammatory markers and help regulate lipid metabolism. The National Kidney FoundationKidney Disease Outcome Quality Initiative recently included recommendations to increase u3-FA intake among HD patients. 4 Saoud et al. reported that protein and u3-FA content in fish varies with season. 6, 7 However, data on whether P content in fish also undergoes such seasonal variation are not readily available. 6, 7 In the present work, we attempted to examine whether seasonal variations in tissue P levels exist in 2 species of fish that are commonly consumed in Lebanon. The studied fish species were chosen because of their market availability, consumer acceptance, purchase price similarity, and diet variation, whereby one is a carnivore and the other an algaevore.
Methods

Sampling of Wild Fish
The present study was conducted at the American University of Beirut. Rabbitfish Siganus rivulatus (algaevore) and white seabream Diplodus sargus (carnivore) were caught in traps off the coast of Beirut and transported on ice to the laboratory during the first week of February, March, April, May, June, August, October, and December. The fillet of each fish was removed, dried to constant weight at 95 C, finely ground, and stored at 220 C.
Sample Analyses
Total lipids in muscle tissue were extracted from the stored samples using a Soxhlet method apparatus with diethyl ether as solvent. Fatty acid methyl esters were prepared from 6 samples from each of the 2 fish species for each of the collection period. Fatty acid methyl ester profile was analyzed using a gas chromatograph (Model GC-2010, Shimadzu Scientific Inc., Columbia, MD, USA) equipped with a flame ionization detector and Carbowax column (30 m 3 0.53 mm; Supelco, Sigma-Aldrich, Beirut, Lebanon). Samples were analyzed for protein content using a Thermo Finnigan (Thermo Electron Corp, Madison, WI, USA)/EA1112 elemental nitrogen analyzer with aspartic acid as a calibration standard. Samples were weighed in tin containers and inserted into the machine. Every 10th sample was duplicated for quality control and the machine was recalibrated after 30 samples were analyzed. Nitrogen values were multiplied by 6.25 to estimate protein content of samples. 8 Results were reported in studies by Saoud et al. 6, 7 Stored samples of the same fish used for protein and lipid analysis were analyzed for P content according to AOAC (946.06, 2006).
Statistics
All statistical analyses were performed using SPSS statistical software (V.12 for Windows, SPSS Inc., Chicago, IL, USA). P content, protein to P ratio, and P to u3-FA ratio were analyzed using one-way analysis of variance (treatments being species or month of capture) and Student-Newman-Keuls multiple-range mean separation test. Results were considered significant at a 5 0.05. 
Results
The average P content of rabbitfish fillet (6SE) was significantly lower as compared with white seabream (895 6 32 mg/100 g vs. 1,132 6 23 mg/100 g; P , .0001). Mean P to protein ratio (6SE) in rabbitfish was significantly lower as compared with white seabream (10.35 6 0.39 mg P/g of protein vs. 13.15 6 0.34 mg P/g of protein; P , .001) ( Table 1) . Mean P to u3-FA ratio (6SE) in rabbitfish (2.81 6 0.29 g/g) was significantly less than that of white seabream (5.93 6 1.05 g/g); P , .005. P content of both rabbitfish and white seabream varied significantly among seasons (P , .0001) ( Table 2) . A significant decrease in P content was observed in rabbitfish in the month of August (P 5 468 mg/100 g), and a significant increase was observed in the month of June (1129 mg/ 100 g) (P , .05). White seabream had a significantly greater P content in the months of March through May and in December (1,240, 1,247, 1,299, and 1,198 mg/100, respectively), as compared with other examined months (February: 1,007, August: 1,057, June: 1,000, and October: 1,004 mg/100 g) ( Table 2 ).
The only significant seasonal variation in P to protein ratio in rabbitfish was observed in the month of August (Table 3) . Conversely, white seabream exhibited wider seasonal variation in fillet composition, where P to protein ratio was significantly less than average in February, August, and October and significantly higher in December (Table 3) . Rabbitfish had a significantly lower P to u3-FA ratio in August and a significantly greater ratio in December; conversely, white seabream had a significantly lower P to u3-FA ratio in February and a significantly greater ratio in March through June and in December (Table 4) .
Discussion
Both rabbitfish and white seabream were reported to be equally good sources of protein (19.96% and 19.65% of their fillet wet weight, respectively), with rabbitfish having a significantly greater lipid proportion than white seabream (1.20% vs. 1.14%). 6 However, the amount of P in white seabream tissue exceeded that of rabbitfish tissue, which affects the value of the fish as a dietary ingredient for HD patients.
Patients on maintenance dialysis are often susceptible to malnutrition, 9 increased inflammatory markers, 4 and hyperphosphatemia with associated risks. 5 All of these conditions are positively correlated with decreased quality of life, and with increased morbidity, mortality, and associated costs.
4,5,9 Therefore, ensuring adequate nutritional status is essential in maintaining optimal health and the success of a HD regimen. This can be accomplished by working with patients on maintaining adequate protein intake, controlling serum P and related bone mineral disorder parameters, and increasing antioxidant intake (u3-FA).
The recommended dietary goal for P intake is 800 to 1,000 mg, adjusted to dietary protein needs. 10 The recommended protein intake is 1.2 g/kg of estimated dry weight per day.
9 When dietary prescribed protein is .80 g/day, P needs are adjusted by 10 to 12 mg of P per gram of prescribed protein. 10 Depending on the P to protein ratio of recommended food commonly consumed by a patient on HD, a 70-kgmale can easily ingest between 1,000 and 1,400 mg of P per day. Therefore, it is very essential that dietitians guide their patients to plan dietary regimen that is adequate in protein, yet low in P.
The present study demonstrates that P content of fish muscle varies significantly among seasons and among species. In rabbitfish, flesh typically contains significantly less P, and has a significantly lower P to protein ratio and P to u3-FA ratio, as compared with white seabream. These differences make rabbitfish a more favorable dietary source for HD patients than white seabream. A possible reason is that fish species can differ in their proximate composition and mineral content, depending on the diet they consume. 6, 11, 12 Rabbitfish is an algaevore and therefore consumes less P than white seabream, which is a carnivore.
In addition to general variation in the flesh composition between rabbitfish and white seabream, seasonal variations in flesh proximate composition within species seem to be a parameter that should be considered. Seasonal variations in diet and physiology of fish affect their muscle proximate composition. 13, 14 In the present study, P to protein ratio in rabbitfish muscle was significantly lower in August and higher in April and June. P to protein ratio in white seabream muscle was significantly lower in February, August, and October and higher in December. P to u3-FA ratio in the muscle tissue of the 2 fish species also exhibited large variation with season. The variations were attributed to seasonal changes in diet, 11, 15, 16 size of the fish, 15 and possibly mobilization of body reserves for vitellogenesis in the spring and early fall. 6 Early spring and late summer seem to be the periods when rabbitfish is a better dietary choice for HD patients than white seabream, whereas the difference during the remainder of the year seems to be not significant. Such compositional variation in tissue should probably also be investigated in other fish species if they are to be recommended as dietary ingredients for HD patients. The current available data on the content of P and u3-FA in fish do not include seasonal variation of the species.
Present results demonstrate that there are differences in proximate composition among marine fish species and among seasons of capture. However, such differences cannot be extrapolated to freshwater species. Moreover, many marine fishes tend to be expensive food items and many HD patients cannot afford to add them to their diet. Further work on fish species that are inexpensive and are eaten without the bones should be performed if we are not to exclude less affluent HD patients from a healthy dietary choice.
The present study suggests that health benefit recommendations for consumption of fish by HD patients vary with fish species and season of capture, and probably with location of capture. Thus, dietary formulations, including fish, may need to be based on empirical studies of individual fish species in their location and season of capture. Making blanket statements about the benefits of fish consumption may be misleading for some consumers. Further investigations will help renal dietitians maximize benefits of marine fish consumption by formulating dietary regimens of dialysis patients according to seasonal proximate composition of individual fish species in various habitats. Nevertheless, oily marine fish remain a healthy food choice for dialysis patients if fillets are consumed without bones. 2, 3 
